Because of the increase in incidence of coccidioidomycosis among the elderly in Arizona between 1990 and 1996, a case-control study was conducted to look at risk factors for disease among these persons. Cases ( ) were persons aged у60 years with laboratory-confirmed n = 89 coccidioidomycosis; 2 control groups were selected, the first by use of random-digit dialing (geographic controls, ) and the second by use of lists of persons with negative serologic n = 91 coccidioidomycosis tests (laboratory-negative controls, ). Elderly persons with coccidioin = 58 domycosis had spent significantly less time in Arizona than did persons in either control group and were more likely than geographic controls to have congestive heart failure or cancer, to have smoked, or to have taken corticosteroids. Elderly persons who recently have moved to Arizona or who have chronic illnesses and their physicians need to be aware of their higher risk for coccidioidomycosis in order to improve their chances of early diagnosis and treatment. These persons may benefit from vaccination, once an effective vaccine for coccidioidomycosis is developed.
become a popular full-or part-time destination for persons of retirement age; a significant increase (22%) was observed in the Arizona population aged у65 years during the period of increased coccidioidomycosis incidence (Arizona Department of Health Services [ADHS] , Office of Health Planning, Evaluation, and Statistics, unpublished data). We conducted a casecontrol study to determine the roles of recent migration and other factors, such as underlying medical conditions, that could account for the disproportionate increase in coccidioidomycosis among older persons.
Methods

Study design.
A retrospective case-control study was designed to assess risk factors for acute symptomatic coccidioidomycosis among elderly persons. A case patient was defined as a person aged у60 years with a laboratory-confirmed, clinically compatible illness, residing in Maricopa, Pima, or Pinal County, and reported to the ADHS between 1 January 1996 and 15 February 1997. The case definition was based on the coccidioidomycosis surveillance case definition adopted by the Council of State and Territorial Epidemiologists in 1994 [4] . Clinically, a case was an illness characterized by at least one of the following: influenza-like signs and symptoms (fever, cough, pleuritic chest pain, myalgias); rash; involvement of bones, joints, or skin by dissemination; meningitis; involvement of viscera and lymph nodes; or pneumonia or other pulmonary lesion on chest radiograph. Laboratory criteria included culture, histopathologic, or molecular evidence of C. immitis; serologic evidence (serum, cerebrospinal or other fluid) including IgM as detected by immunodiffusion, tube precipitation, or EIA or IgG as detected by immunodiffusion, EIA, or complement fixation; or skin-test conversion from negative to positive after clinical onset. Incidence of coccidioidomycosis per 100,000 population by age group (years) in Arizona, 1990 Arizona, -1996 Starting with the most recently reported case, every other case was contacted by telephone. More than 90% of Arizona's population has a home telephone (ADHS, unpublished data). By means of a pretested, standardized questionnaire administered by trained personnel, consenting case patients were asked to provide information on demographic characteristics, duration of full-time and part-time residence in Arizona and in other states in which coccidioidomycosis is endemic, outdoor activities, dust exposures, past medical history (with an emphasis on chronic medical conditions), tobacco and alcohol consumption, medical care, occupation, and socioeconomic indicators (income, property, education, travel). The date of onset of symptoms due to coccidioidomycosis, clinical course, and laboratory results were confirmed with reporting health care professionals by telephone or fax. Consenting family members were interviewed as surrogates for deceased case patients. Interviews were conducted between 10 February and 12 March 1997.
Control selection. All controls were у60 years old. We hypothesized that Arizona physicians might selectively request serologic or other laboratory tests for coccidioidomycosis for persons who had recently arrived in Arizona or persons with underlying medical conditions. Two controls, therefore, were chosen for each case, the first to obtain a representative estimate of the background rates of chronic medical conditions in this age group and the second to control for possible inclusion bias related to selective physiciantesting practices. The first (geographic) control was matched to the case by county of residence and contacted via random-digit dialing [5] from lists of telephone numbers from the Behavioral Risk Factor Surveillance Survey in 1996. The second (laboratory-negative) control was also matched to the case by county of residence and selected from lists of persons who had a negative serologic result for coccidioidomycosis in 1996. The lists of serologic results were obtained from 3 major Arizona referral laboratories (hospital-based laboratories in Mesa and Tucson and a private laboratory in Phoenix). The same questionnaire was administered to all study participants, except that geographic controls were not asked about recent illnesses. A maximum of 5 attempts was made during different times of the day and evening in order to reach all eligible study participants; after 5 unanswered calls, another participant was sought.
Exclusion criteria. Because a proportion of persons testing negative may have actually been infected with C. immitis but were tested too early to have a positive test (e.g., within the first 10 days of illness), laboratory-negative controls were excluded if they had a history of symptomatic, physician-diagnosed coccidioidomycosis (i.e., if subsequent testing revealed evidence of infection). Geographic controls with a self-reported history of coccidioidomycosis who lacked documented laboratory evidence of infection were not excluded.
Risk factors. Permanent (year-round) and part-time (seasonal) Arizona residence was analyzed in univariate and multivariable analysis as continuous and categorical variables. The total number of years of life spent in Arizona were summed and rounded to the nearest integer. The variable quantifying duration of Arizona residence was categorized to determine whether it could be described as a linear factor. For analysis of tobacco exposure, smokers were defined as persons who currently smoke or who had smoked у1 pack-year in the past. A pack-year of smoking was defined as the average number of packs of cigarettes smoked per day multiplied by the number of years smoked (years rounded to the nearest integer). To assess a possible dose-response trend, pack-years were stratified as follows: !10, 10-19, 20-29, 30-39, and у40 pack-years. Noncigarette smoking (e.g., pipe or cigar smoking) was not included.
Data management and analysis. Epi Info (version 6.0; Centers for Disease Control and Prevention, Atlanta) and SAS (release 6.12; SAS Institute, Cary, NC) were used for data entry and analysis. Univariate and multivariable analyses were done. Stepwise logistic regression (SAS logistic procedure) was used for multivariable analysis to assess the role of underlying medical conditions, adjusting for duration of Arizona residence. The multivariable model included variables found to be significant in univariate analysis as well as known confounders such as age and sex. We defined population-attributable risk (PAR) as the percentage of coccidioidomycosis cases that would not have occurred in the absence of a given exposure. For duration of Arizona residence and selected underlying illnesses and exposures, PAR was calculated by use of the formula , where OR is the odds ratio [(OR Ϫ 1)/OR] ϫ PCA comparing the frequency of association of a given exposure between cases and controls and PCA is the proportion of cases exposed [6] . Geographic controls were compared with cases for all PAR calculations, because they were most representative of population risk.
Results
Study participation. A total of 89 case patients, 91 geographic controls, and 58 laboratory-negative controls were enrolled. We attempted to contact 132 (53%) of 247 incident coccidioidomycosis case patients aged у60 years residing in the three study counties reported to the ADHS during the study period. Among 110 living case patients, 8 could not be reached by telephone, and 17 refused to participate. A total of 22 case patients had died from causes unrelated to coccidioidomycosis; 4 had immediate family members who were interviewed as surrogates, 8 had no available surrogate telephone number, and 10 surrogates refused to participate. The participation rate among case patients and surrogates was 77% (89/116 case patients and surrogates contacted). In enrolling geographic controls, ∼7% of random telephone numbers resulted in the en- rollment of a study participant (91 of ∼1400 persons contacted by random-digit dialing); the age of those who declined to participate was not ascertained. The participation rate among laboratory-negative controls was ∼23% (58/250 laboratory-negative controls contacted). The majority of nonparticipating cases and controls declined to specify their reason(s) for nonparticipation.
Demographics. Case patients were similar to both geographic and laboratory-negative controls with respect to age (median, 73 years vs. 74 and 75 years, respectively) and race (94% white vs. 96% and 95%, respectively). Case patients were more likely to be male ( ) and have lower income P ! .001 ( ), compared with geographic controls but not compared P = .04 with laboratory-negative controls (table 1) . The median age, sex, and racial and geographic distributions of study cases were very similar to those of all coccidioidomycosis case patients aged у60 years reported through ADHS surveillance in 1996.
Clinical characteristics. Eighty-eight percent of case patients presented to physicians with fever, cough, shortness of breath, or chest pain, and 50% presented with both fever and cough. The clinical presentation among case patients was similar to that of laboratory-negative controls (table 2). Three case patients (3%) had disseminated disease (1 each central nervous system, bone, and soft tissue). Four case patients (5%), but no controls, died. Nearly all case patients and laboratory-negative controls (97%) reported having a chest radiograph taken during their illness; of these, 40% reported radiographic abnormalities, 50% reported no abnormalities, and 10% were unaware of the results. Nearly three-quarters of case patients (72%) had abnormal chest radiographs, most of whom had undergone additional (often invasive) procedures. Case patients were significantly more likely than laboratory-negative controls to undergo subsequent bronchoscopy, lung biopsy, or computerized tomography and/or magnetic resonance scanning (65% vs.
35%;
). A median of 4 medical visits (range, 1 to 130) P ! .001 resulted from the illness. Fifty-nine percent of case patients were hospitalized for a median of 7 days (range, 1 to 199 days).
Occupation and socioeconomic status. Ninety-four percent of study participants (92% of case patients) were retired. The median income category for all study participants was $25,000-$49,999 (30% of study participants declined to respond to this question). Case patients were about twice as likely as geographic controls to report having incomes 1$25,000/year ( ) ( comparing case patients and laboratory-neg-P = .04 P = .06 ative controls).
Out-of-state residence.
A total of 45 study participants (19%) were not full-time Arizona residents, 25% of cases vs. 22% of geographic controls ( ) and 5% of laboratory-P 1 
), and 11.0 years for laboratory-neg-P ! .001 ative controls ( ). The quartiles of geographic controls' P ! .01 duration of residence were !4, 4-12, 13-25, and у26 years. Compared with persons living in Arizona у26 years (reference group), the risk of acute symptomatic coccidioidomycosis was inversely proportional to the duration of residence. Persons who had recently arrived in the state had the highest risk, with lower risk among successive categories of longer-term residence (!4 years: OR, 7.6 and 95% confidence interval [CI], 2.8-20.8; 4-12 years: OR, 4.7 and 95% CI, 1.9-11.5; 13-25 years: OR, 2.7 and 95% CI, 1.1-7.0). The inverse relationship observed between acute coccidioidomycosis and duration of Arizona residence was found to be linear, with the risk decreasing ∼5% for each additional year of residence in Arizona (figure 2).
Selected underlying medical conditions and smoking were shown by univariate analysis to increase risk of coccidioidomycosis, including congestive heart failure, coronary artery disease, cancers of skin or solid organs, smoking, and corticoste- . Life-years spent in Arizona (range, n = 91 0-84) were examined as a continuous variable by a multivariable model including age, sex, and underlying conditions significant in a univariate analysis; data points were calculated for each year (not shown). roid use (table 3) . Immunologic conditions (most commonly rheumatoid arthritis) were strongly associated with increased acute coccidioidomycosis risk in univariate analysis (OR, 10.5; 2-tailed Fisher's exact test, ), but these conditions had P = .007 a low overall frequency in the study population (5%) and were not included in the multivariable model. Chronic lung disease (defined as self-reported chronic obstructive pulmonary disease or asthma), diabetes mellitus, and other conditions were not found to be significantly associated with increased risk of coccidioidomycosis, although chronic lung disease was associated with increased likelihood of hospitalization ( ). Patients P = .04 with acute coccidioidomycosis and diabetes mellitus were also more likely to be hospitalized in our study, but this association was of borderline statistical significance ( ). P = .07 Tobacco and alcohol exposures.
Case patients were 2.4 times more likely to smoke tobacco (currently or in the past) than were geographic controls ( ); this likelihood in-P = .005 creased with number of pack-years (categorical x 2 for trend, .025). No significant difference in smoking history was found between case patients and laboratory-negative controls. Male case patients were more likely than female case patients to have a smoking history (OR, 3.3; ); when all study partici-P = .02 pants (including controls) were compared, men remained more likely to have a smoking history (OR, 2.8;
). Alcohol P ! .001 consumption did not differ significantly between cases and either control group.
Environmental risk factors.
Male case patients reported construction near their home or work during the 3 months preceding their illness more frequently than did male laboratory-negative controls (OR, 2.9;
); no such observation P = .02 was reported among women or among case patients versus geographic controls. Female case patients reported being in dust storms during the month before onset of illness more often than did female laboratory-negative controls (OR, 4.6; P = ); such differences were not found to be significant among .04 men when case patients and geographic controls were compared. Increased risk of coccidioidomycosis was not observed among those participating in outdoor recreational activities such as gardening or hiking or among persons spending more time outside (stratified for each hour from 0 to у9 hours spent outside per day). Residence in trailer parks was not associated with increased acute disease risk relative to other types of temporary or permanent home. Nearly two-thirds of case patients (65%) reported an onset of symptoms during the months of October through March, but no statistically significant seasonal pattern was observed.
Multivariable analysis. The final multivariable model included duration of Arizona residence, age, sex, income category, congestive heart failure, chronic lung disease, cancer, smoking, and corticosteroid use. When we controlled for time spent in Arizona, the following underlying medical conditions were independently associated with increased disease risk when case patients were compared with geographic controls: congestive heart failure, taking corticosteroids, smoking, and cancer (including or excluding skin cancer) (table 4). The association between underlying medical conditions and increased acute coccidioidomycosis risk was observed only when case patients and geographic controls were compared; case patients were no more likely than laboratory-negative controls to have such underlying conditions (by either univariate or multivariable analysis). Recent Arizona migration did not correlate with underlying illnesses.
PAR. When the risk of coccidioidomycosis among longterm Arizona residents was used as a reference for comparing case patients with geographic controls, PAR for recent Arizona migration was 62.7%. The PAR for smoking was 49.5%; 73% of case patients versus 53% of geographic controls had a history of smoking ( ) (case patients vs. laboratory-negative P = .005 controls had no significant differences). 
Discussion
The recent surge in the number of coccidioidomycosis cases in Arizona has been attributed to multiple factors [3, 7] . This study found that both recent migration to Arizona and various underlying medical conditions were associated with increased risk of developing acute symptomatic coccidioidomycosis among elderly persons.
Recent migration to Arizona was found to be the most important factor explaining increased disease risk in this population; in the absence of recent migration, the majority of cases would not have occurred (as demonstrated by the calculated PAR). The rate of declining risk per year of Arizona residence (5%) is similar to the percentage of persons whose skin tests are reported to convert annually in areas of endemicity [8] . It is possible that elderly persons are more likely to develop symptomatic disease after infection with C. immitis or more likely to seek medical care when they develop symptoms than are younger persons.
Several chronic medical conditions and exposures were independently associated with acute coccidioidomycosis among elderly persons, including congestive heart failure, corticosteroid use, smoking, or cancers. Although conditions resulting in decreased cellular immunity have been associated with an increased risk of disseminated coccidioidomycosis [9] , they have not been previously linked to acute nondisseminated disease. Congestive heart failure has not previously been described as an independent risk factor for coccidioidomycosis and differs from the other risk factors in that it is not clearly associated with weakened T cell immunity. Diabetes mellitus has been shown to increase the risk of severe pulmonary coccidioidomycosis requiring hospitalization [10] .
Smoking was found to be the most important preventable cause of acute symptomatic coccidioidomycosis in this population, independent of duration of Arizona residence, underlying illnesses, or other factors. The calculated PAR suggests that about one-half of all cases of acute coccidioidomycosis would not have occurred in the absence of cigarette smoking. Other studies have also recently linked smoking with increased susceptibility to bacterial and mycotic pathogens acquired via the respiratory route [11, 12] .
Two-thirds of acute symptomatic coccidioidomycosis cases in this study were men. This ratio is consistent with the previously observed sex distribution among all cases reported through Arizona surveillance during the past decade [3] . This ratio may be explained in part by the greater percentage of male smokers but may also be due to increased occupational or recreational exposures or to immunologic or hormonal factors. The same sex ratio has been reported for paracoccidioidomycosis and blastomycosis, other diseases due to dimorphic soil fungi with similar clinical manifestations [13, 14] . It is possible that some of the differences observed between cases (predominantly men) and geographic controls (predominantly women) were due to sex differences, especially since women have a longer life expectancy (women make up 56.2% of the Arizona population aged у65 years) and are more likely to respond to telephone surveys; however, this effect was controlled for by including sex in the multivariable analysis model.
The percentage of the US population aged у65 years has tripled since 1900 (from 4% to 13% of the total), and the absolute number of persons aged у65 years has increased 11-fold [15] . In Arizona in 1996, 14% of the population was aged у65 years [15] , and seasonal or full-time relocation of substantial numbers of elderly persons continues to the state each year. This demographic trend may also be occurring in other states in which coccidioidomycosis is endemic. Although cost estimation was not the primary purpose of this study and no precise medical cost data were collected, the rates of invasive procedures and hospitalization and the need for frequent medical follow-up were found to be considerable. Given the above demographic and epidemiologic trends and the current lack of effective prevention measures, coccidioidomycosis will probably continue to be an important and costly public health problem in this age group.
Unlike most case-control studies, this study compared case patients with 2 groups of controls. The selection of multiple control groups may be warranted when a single control group may not adequately represent a population's risk of acquiring a given condition [16, 17] . The use of random-digit dialing controls alone would have served as an adequate comparison group for cases of coccidioidomycosis if Arizona physicians were as likely to test long-term Arizona residents as they are to test recent Arizona arrivals. The fact that shorter duration of Arizona residence was associated with increased risk of disease when cases were compared with both control groups suggests that this was not found to be a risk factor simply because long-term residents were not tested as frequently. Similarly, this study would not have detected differences in coccidioidomycosis risk among cases and controls who had chronic underlying medical conditions or who smoked tobacco if laboratory-negative persons had been selected as the only controls. This supports the hypothesis that physicians are more likely to test persons with chronic underlying medical conditions or smokers than healthy age-matched controls. We found no significant clinical differences among persons testing positive or negative (case patients vs. laboratory-negative controls), demonstrating that a priori prediction of serologic test results is difficult.
This study has several limitations. First, differential rates of participation among case patients and controls could possibly lead to biased estimates of risk factors if these rates were also associated with willingness to participate in public health research. Second, the higher median income of case patients versus geographic controls suggests that the latter may not have had comparable access to care, which might have led them to be tested less frequently for coccidioidomycosis. However, duration of residence was significantly associated with increased disease risk for both sets of case-control comparisons. Third, care must be taken in the use of data from case-control studies to calculate PAR. Such data may be used if the disease under scrutiny is rare, such that the odds ratio closely approximates relative risk (as is the case with coccidioidomycosis) and the prevalence of exposure among controls is representative of exposure in the population (as should be the case with controls selected by random-digit dialing) [5] . Finally, this study was designed to assess risk factors for acute symptomatic infection and does not address a significant proportion of Coccidioides infections that are asymptomatic.
To improve management of acute coccidioidomycosis in Arizona and to avoid unnecessary medical complications and costs, elderly persons migrating to Arizona (especially from areas in which coccidioidomycosis is not endemic) should be educated about the symptoms and signs of C. immitis infection. Physicians in Arizona and elsewhere should consider serologic or other appropriate laboratory testing for coccidioidomycosis among travelers with compatible clinical presentations [18] . Efforts to avoid dust exposure may not be adequate to prevent coccidioidomycosis, and elderly persons and others at high risk should be considered for vaccination when a safe and effective vaccine is available [19] .
